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ABSTRACT: 

PURPOSE: To prevent a protective layer from flowing or being needlessly 
deformed and prevent the gloss of a thin metallic film layer from being lowered 
after transfer, by providing the protective layer by use of an inonizing 
radiation- curable resin which is solid at normal temperature in an uncured 
state and is thermoplastic, and setting the protective layer in a half-cured 
state. 

CONSTITUTION: A transfer sheet comprises a protective layer and at least a 
thin metallic film layer provided sequentially on a releasable side of a 
releasable sheet. The protective layer, for protecting the layer therebeneath 



after transfer, comprises a half-cured layer of an ionizing radiation-curable 
resin which is solid at normal temperature in an uncured state and is 
thermoplastic. Since the protective layer of the transfer sheet is 
preliminarily half-cured, the layer has high heat resistance, and is prevented 
from flowing by being melted by the heat at the time of transferring, with the 
result of affecting the thin metallic film layer to lose the metallic luster. 
In addition, since the protective layer is not completely cured, it retains 
transferability to a rugged surface, and can be cured after the transferring. 
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Specifications /541* 

1. Title of the Invention 

Transfer Sheet With Curable Protective Sheet and Transfer Method 
Claim(s) 

(1) A transfer sheet has in the following order on the mold release 
face of a releasable sheet, a protective layer, which comprises, in an 
unhardened state, a curable layer with a half -cured ionizing 
radiation-curable resin which is thermoplastic and a solid body at room 
temperature, and at least a thin metal film layer, 

(2) The transfer sheet of Claim 1 characterized by having a layer, 
which comprises a thermoplastic resin, between the curable layer and the 
thin metal film layer. 

(3) A transfer method characterized by transferring the transfer 
sheet in Claim 1 or 2 onto the surface of an object to be transferred 
and subsequently subjecting the transfer protective layer to curing by 
crosslinking by irradiating the sheet with ionizing radiation. 

3. Detailed Specifications 
(Field of Industrial Application) 

This invention relates to a transfer sheet able to be formed with 
a protective layer for transfer and with excellent surface strength, and 
a transfer method performed by using that transfer sheet. 
(Prior Art) 

Manufacturing a curable resin as the raw material of the layer on 
the side of a transfer sheet, which is next to the outermost surface side 

* Number in margin indicates pagination in the foreign text . 
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after the transfer, to protect patterns and the like from deterioration 
caused by rubbing and chemicals after the transfer have been attempted 
up to now. In particular, by manufacturing a UV-curable resin or electron 
beam-curable resin as the raw material of the protective layer, there 
is a merit because curing is carried out instantly without requiring heat 
during the curing. 

However, since conventional UV-curable and electron beam-curable 
resins were sticky in an uncured state, there was a problem with adhesion 
because it was difficult to provide the next layer after coating or printing 
the resin, so providing the next layer was tried after the resin was cured. 

Although the protective layer of the resulting protective sheet was 
cured and the rigidity of the whole transfer sheet was high and it could 
be transferred to a flat smooth surface, it was difficult for the protective 
layer to deform, and transfer it to a surface with irregularities. /542 

Therefore, providing a protective layer in the uncured state by using 
an ionizing radiation- curable resin, which is a solid at room temperature, 
was attempted. It is possible to provide the protective layer by dissolving 
such a resin in a solvent then coating or printing it. Moreover, when 
coating or printing of the next layer is possible and it is sticky even 
without irradiating the protective layer by ionizing radiation after 
providing it, it is deformable as with a thermoplastic resin, so it also 
is transferable to a surface with irregularities, the resulting transfer 
sheet can be transferred, after which the protective layer may be cured 
by irradiating it with ionizing radiation, thus enabling the physical 
and chemical strength of the surface to be improved. 
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However, since the above protective layer is not cured on the transfer 
sheet and the heat resistance is the same or worse than that of a thermoplastic 
resin, the protective layer melts and flows if there is too much heat 
during transfer. As a result, there is a drawback because the metal luster 
of the thin metal film layer becomes dull. 
(Problems to be Solved by the Invention) 

The problem of this invention is to eliminate the above-mentioned 
drawback while providing the protective layer by using a tt thermoplastic 
ionizing radiation-curable which, in the uncured state, is a solid at 
room temperature." 
(Means for Solving the Problems) 

In this invention, the above-mentioned problem could be solved by 
using a » thermoplastic ionizing radiation-curable resin which, in the 
uncured state, is a solid at room temperature," providing a protective 
layer, and bringing the protective layer into a half -cured state. 

That is, the gist of this invention is w a transfer sheet has in the 
following order on the mold release face of a releasable sheet, a protective 
layer, which comprises, in an unhardened state, a curable layer with a 
half-cured ionizing radiation-curable resin which is thermoplastic and 
a solid body at room temperature, and at least a thin metal film layer, 
and moreover, "a transfer method characterized by transferring the transfer 
sheet thereof onto the surface of an object to be transferred and subsequently 
subjecting the transfer protective layer to curing by crosslinking by 
irradiating the sheet with ionizing radiation" 
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(Operation) 

According to this invention, the heat resistance of the transfer 
is high since the protective layer is half -cured in advance . The protective 
layer melts and flows because it is hot during the transfer operation, 
which therefore, affects the thin metal film layer to enable the metal 
luster from being lost. 

Moreover, the protective layer is not completely cured either, so 
it also has "transferability" to an irregular surface, and the protective 
layer can then be cured after the transfer. 
(Specific Description of the Constitution) 

The transfer sheet of this invention consists of three 3 layers, 

Another structure of the transfer sheet will be described later. 
Releasable Sheet 

The raw material of the releasable sheet should be one that is used 
in such a transfer sheet as a general rule. A usual thickness of 5 to 
200 pm is preferable for the thickness thereof, but it is more preferably 
12 to 50 pm. 

An example will now be specifically shown. The releasable sheet 
is. a synthetic resin film, such as. a polyethylene phthalate (so-called 
polyester) , polypropylene, polyethylene or polyamide film, paper, synthetic 
paper, etc. These films can be used by laminating them, as needed. 

The irregularities on the surface of the releasable sheet define 
the irregularities on the surface of the protective layer during the transfer . 
When one wants the surface to be a mirror surface after the transfer, 
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the surfaces of these releasable sheets best be a mirror surface. Moreover, 
since a matte surface is frequently desired in decorative applications, 
a matte film whose glossy state has been adjusted by means of kneading 
in of a matting agent, in a sandblasting method, by chemical etching, 
and so forth best be used as the releasable sheet at that time. 

Besides the raw materials mentioned above, the releasable sheet may 
have a surface that is made releasable by separately providing a /543 
releasable layer. 

' ^^re^K^m^l^Lfir has a constituent enabling the protective layer 
to be peeled from the base material sheet of the transfer sheet at the 
time of transfer, and specif ically, a suitable vehicle (examples of vehicles 
are the same as those for ordinary ink compositions (postscript)) should 
be added alone, or if necessary, with a releasable substance, suefawas 

Protective Layer 

While, in an uncured state, fefee^i?ofc^0^£v«^«yer^i^ 
temperature, and it is not thermoplastic or soluble in solvents, and due 
to coating and drying, a releasable curable resin that is also resistant 
to flow and not sticky apparently or when touched by the finger, is formed 
as an ingredient, and then half -cured. 

There are the following two types of thermoplastic resins having 
radical polymer izable unsaturated groups for such a resin. 
(1) Resins with a radical polymerizable unsaturated group in a polymer 
having a 0 to 250°C glass transition temperature. More specifically, 
resins in which a radical polymerizable unsaturated group is introduced 
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in the below-mentioned methods (a) to (d) can be used for resins in which 
the following compounds ® to ® are specifically polymerized or 
copolymerized . 

(D Monomers with a hydroxyl group: N-methylol (meth) acrylamide, 
2-hydroxyethyl (meth) acrylate, 2-hydroxypropyl (meth) aery late, 
2-hydroxybutyl (meth) acrylate, 2-hydroxy-3-phenoxypropyl (meth) acrylate, 
etc. 

(D Monomers with a carboxyl group: (meth) acrylic acid, 
(meth) acryloyloxyethylmonosuccinate, etc . 

(D Monomers with an <epoxy.~group : glycidyl (meth) acrylate, etc. 

©Monomers with anaziridinyl group: 2-aziridinyl ethyl (meth) acrylate, 
2-aziridinyl allyl propionate, etc. 

(5) Monomers with an amino group: (meth) acrylamide, diacetone 

(meth) acrylamide, dimethylaminoethyl g^g^^^^Mt^, dimethylaminoethyl 
(meth) acrylate, etc. 

(6) Monomers with a sulfone group: 2- (meth) aery lamide-2 -methyl 
propanesulfonic acid, etc. 

(7) Monomers [misspelled in source] with an isocyanate group: 1:1 

adducts of radical polymerizable monomers with 2,4-toluene diisocyanate, 
2 -hydroxyethyl (meth) acrylate, and active hydrogen, etc. 

® Furthermore, in order to control the glass transition point of 

the above-mentioned copolymer and the mechanical properties of the cured 
film, the above-mentioned compounds, and the following monomers 
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copolymer izable with this compound may be copolymer ized. Methyl 
(meth) acrylate, ethyl (meth) acrylate, propyl (meth) acrylate, butyl 
(meth) acrylate, isobutyl (meth) acrylate, t-butyl (meth) acrylate, isoamyl 
(meth) acrylate, cyclohexyl (meth) acrylate, 2-ethylhexyl (meth) acrylate, 
and the like can be cited as examples of such copolymerizable monomers. 
An ionizing radiation curable resin is obtained next by reacting 
the aforementioned resulting polymer in the below -mentioned methods (a) 
to (d) and introducing a radical polymerizable unsaturated group. 

(a) The monomer with a carboxyl group, such as (meth) acrylic acid, 
is subj ected to a condensation reaction in the case of polymers or copolymers 
comprising monomers with a hydroxyl group. 

(b) The aforementioned monomers with a hydroxyl group are subjected 
to a condensation reaction in the case of polymers or copolymers comprising 
monomers with a carboxyl group and sulfone group. 

(c) The aforementioned monomers with a hydroxyl group or monomers 
with a carboxyl group are added in the case of polymers or copolymers 
comprising monomers with an epoxy group, isocyanate group or /544 
aziridinyl group. 

(d) 1:1 adducts comprising a monomer with an epoxy group or a monomer 
with an aziridinyl group, and an acrylate monomer containing a diisocyanate 
compound and hydroxyl group are subjected to an addition reaction in the 
case of polymers or copolymers comprising monomers with a hydroxyl group 
or carboxyl group. 

In order to perform the above-mentioned reactions, it is desirable 
to add a tiny amount a polymerization inhibitor, such as hydroxyquinone, 
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to the system. 

( 2 ) Compounds with a radical polymerization unsaturated group with a melting 
point at room temperature (20°C) to 250°C. Stearyl acrylate, stearyl 
(meth) acrylate, triacryl isocyanurate, cyclohexane diol diacrylate, 
cyclohexane dioldi (meth) acrylate, spiroglycol diacrylate, spiroglycol 
(meth) acrylate, and the like are cited specifically. Moreover, in this 
invention, the aforesaid compounds in (1) and (2) can be used by mixing 
them. A radical polymerizable unsaturated monomer may be further added 
to these. This radical polymerizable unsaturated monomer improves the 
crosslinking density and heat resistance during irradiation with the 
ionizing radiation. Besides the aforementioned monomers, 
ethyleneglycoldi (meth) acrylate, polyethylene glycoldi (meth) acrylate, 
hexanedioldi (meth) acrylate , trimethylolpropanetri (meth) acrylate , 
trimethylolpropanedi (meth) acrylate , pentaethyri toltetra (meth) acrylate , 
pentaerythrotoltri (meth) acrylate, dipentaerythritolhexa (meth) acrylate, 
ethyleneglycoldiglycidyl ether di (meth) acrylate, 
polyethyleneglycoldiglycidyl ether (meth) acrylate, 
propyleneglycoldiglycidyl ether (meth) acrylate, 
polypropyleneglycoldiglycidyl ether di (meth) acrylate, 

sorbitol tetraglycidyl ether tetra (meth) acrylate, and the like maybe used; 
it is preferable to use 0 . 1 to 100 parts by weight of the aforesaid copolymer 
mixture per 100 parts by weight of the solid content. Moreover, the 
above-mentioned compounds are curable enough with ionizing radiation, 
but when they are cured by UV irradiation , sensitizers which produce radicals 
due to UV irradiation, like benzoin ethers, such as benzoquinone, benzoin, 
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and benzoin methyl ether, halogenated acetophenones, biacetals, and the 
like may be used as the sensitizer. 
Half -Curing 

The protective layer comprising the above-mentioned materials is 
half -cured in this invention. 

Here, half-curing refers to a state in which the curable layer is 
not completely reacted, and in the case of a UV-curable resin, it indicates 
a state in which the photoinitiator remains in an uncleaved state even 
though some of the initiator is cleaved and already reacted. 

The extent of half -curing is referred to as the extent to which the 
performance can be improved rapidly by subsequent irradiation with ionizing 
radiation, whichmaybe a relatively low degree of curing, e.g., theresulting 
degree of curing when the protective layer is completely cured by passing 
it under an 80 W/cm high-pressure mercury lamp ten times at a conveying 
speed of 5 m/min and no abnormalities are obtained by rubbing it two-hundred 
times with methyl ethyl ketone, or when it is passed under the same 
high-pressure mercury lamp once at 30 m/min. , and at this time, the extent 
at which the film starts to dissolve by rubbing it ten times. 

Or, the extent of half -curing is determined by considering the required 
performance . 

For example, when a paint with a glass transition point of 50°C is 
used in an uncured state, it is cured to the extent that the protective 
layer melts and flows during the transfer if the heat given during the 
transfer is 70°C, then the flow may be prevented by curing it to a glass 
transition point of 80°C. As such, the cured state of the protective 
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layer on the transfer sheet may be determined so that enough heat /545 
resistance can be obtained at the temperature relative to the transfer 
sheet during use between the uncured state and the perfectly cured state. 

The irradiation dose required for half-curing may be set arbitrarily, 
depending on the use temperature of the transfer sheet; preferably, it . 
is 1 to 80%, and more preferably, 1 to 50% of the irradiation dose required 
for perfect curing. 

The ionizing radiation used in order to do hal f -curing and also perfectly 
cure the protective layer is not limited in particular; ^E5^SfflSS^jfe^S5^d 
f^jn^^M^h^pressu metal halide lamp, xenon lamp, 

low-pressure mercury lamp, or the like, or an ifijB&KSSl^ 
^^^^^eg^ronyi^eiSLai^sour^e, such as a curtain- type one of an accelerator 
using a tungsten filament or the like or a scanning- type one, may be used. 

Further, the irradiation of ionizing radiation while performing the 
half-curing can be done so from the releasable sheet or from the opposite 
s ide , but when the releasable sheet is colored or opaque , i t best be irradiated 
from the opposite side of the releasable sheet when UV rays are used. 

Moreover, from the standpoint of effective utilization of energy 
while performing a complete curing, it is preferable that UV or electron 
beam irradiation be performed from the opposite side of the releasable 
sheet . 

Thin Metal Film Layer 

This is a layer for giving the surface of the object being transferred 
a metal tone appearance . There is aluminum, chromium, tin, silver, copper, 
gold, and the like for the raw material of the thin metal film layer. 
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The thickness is normally about 400 to 600A. The thin metal film layer 
mgyjb£ ft made t in^the Jopp^X.A.pattern,. as needed. For example, it is made 
in the form of a pattern in, e.g., a metal in which the thin metal film 
layer is provided after providing a water-soluble pattern, and water is 
allowed to subsequently act on this, or a method in which a resist pattern 
is provided after first providing a thin metal film, and allowing an acid 
or alkali to subsequently act on it. 
Pattern Layer 

The pattern layer is used for giving the object being transferred 
a pattern by means of the transfer but that is not always necessary. 
An ^ffift^^ i,ohfca4Mfflk±^^ P^fc^ar^ 

Moreover, when the thin metal film layer is only partially provided, 
the pattern layer may be arranged so that it can be seen in the part where 
there is no thin metal film layer. 

T&eH?atterii*layer^ or 
indirectly by way of another layer, and the type of ink should be determined 
by considering the applications for which it is used, and the structure 
of the transfer sheet. A conventional ink is mixed and kneaded with a 
vehicle by using colorants likepigments ordyes, plasticizers, stabilizers, 
other additives, solvents, diluents, etc. 

Among the ink constituents, one or more homocopolymers comprising 
aery 1 ic or me thacry 1 ic monomers , such as polyme thy 1 me thacryla t e , polyme thy 1 
methacrylate, polymethyl acrylate, and polybutyl acrylate, or a copolymer 
containing these monomers, a styrene resin and a styrene copolymer resin, 
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such as polystyrene and poly or-styrene, cellulose acetate, vinyl chloride, 
polyester resins, and the like, and preferably, an alcohol-insoluble resin 
can be selected and used for a binder with appropriate adhesiveness. 

If needed, these resins are diluted and adjusted to a viscosity suitable 
for coating, and subsequently coated in a known-coating method, such as 
reverse roll coating, roll coating, gravure coating, kiss coating, blade 
coating, smooth coating, etc. 

The method for providing another layer on the transfer sheet of this 
invention is roughly the same. However, a printing technique is used 
when the layer is provided in a patterned form. 

The structure of the transfer sheet is basically as described above, 
but as further needed, each layer may be provided as follows. 
Solvent-Volatizing-Type Resin Layer 

Prior to providing a layer which comes in direct contact with the 
protective layer, such as a thin metal film layer, a^Jl^jifc^ 
resjfea*&5^ between 

A resin with good adhesion to the next thin metal film layer should 
be selected for the solvent-volatizing-type resin. /546 
Adhesive Layer 

T&£~adhesive^ to the thin metal 

fd4*n<^ye;M-or~ano 

is ^o~foe~improved ,v .generally,, hea fe*r.sens i fe'i-ve -adhes i ve may be-u s ed > - and 
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Transfer Method 

By transferring the transfer sheet of this invention onto the object 
to be transferred in a proper method, and subsequently curing the transferred 
protective layer completely by irradiating it with ionizing radiation, 
a film perfectly cured on the surface of the object to be transferred 
can be manufactured. At this time, the releasable sheet may be peeled 
and then irradiated, peeled after irradiation, or the like. 

A (J) thermal transfer method in which transfer of the object to be 
transferred along with the protective layer is performed by subjecting 
the thin metal film layer (or with another layer which is provided by 
laminating it on the thin metal film layer, as the case may be) to 
thermocompression bonding by heating it, a (2) solvent-activating transfer 
method performed by interposing a solvent or activating liquid comprising 
the solvent solution of the resin between the transfer sheet and the 
object to be transferred, a ® transfer method simultaneous to molding 
in which the transfer sheet is placed in a mold during extrusion molding 
and transfer is performed simultaneous to molding by using the heat and 
pressure of the extruded resin, and the like may be exemplified as examples 
of the transfer method. 
Object to be Transferred 

Various objects can be used for the object to be transferred while 
performing the transfer using the transfer sheet with a curable protective 
layer of this invention, such as the following objects: ® paper, such 
as bleached kraft paper, titanium paper, linter paper, cardboard, and 
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gypsum board; ® plastic films, such as polyethylene film, polypropylene 

film, polyvinyl chloride film, polyvinyl idene chloride film, polyvinyl 
alcohol film, polyethylene terephthalate film, polycarbonate film, nylon 
film, polystyrene film, ethylene-vinyl acetate copolymer film, ethylene 
vinyl alcohol copolymer film, and ionomer films; (3) wood bases, such as 

wood, plywood, and particle board; ® gypsum-based base materials, such 
as gypsum board and gypsum slag board; ® fiber cement boards, such as 
pulp cement board, cotton cement board, and wood chip cement board; @ 
metal foil or sheet, such as GRC, concrete, iron, aluminum and copper; 
composites of the each of the raw materials in ® to (6) above. 

Or, various molded products can be used as the object to be transferred. 
The rawmaterial of themoldedproduct can be overlapped on the above -mentioned 
cosmetic base materials, but the following objects can be exemplified 
for the raw material of the molded product. 

Plastic molded products comprising an AAS resin, ABS resin, ACS resin, 
amino resin, cellulose resin, such as cellulose acetate-cellulose and 
acetate-butyrate-ethyl cellulose, allyl resin, ethylene-a-olef in 
copolymer, ethylene-vinyl acetate copolymer, ethylene-vinyl acetate 
copolymer, ionomer resin, MBS resin, methacrylstyrene copolymer, nitrile 
resin, phenolic resin, polyamide resin, polyallylate resin, polycarbonate 
resin, polybutadiene resin, polybutylene terephthalate resin, polyethylene 
resin, polyethylene terephthalate resin, polymethyl methacrylate resin, 
polypropylene resin, polyphenylene oxide resin, polystyrene resin, AS 
resin, polyurethane resin, polyvinyl chloride resin, acryl -modified 
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polyvinyl chloride resin, unsaturated polyester resin, etc. 

Extrusion molded products comprising a metal, such as iron, aluminum, 
copper and stainless steel. 

In order to transfer the transfer sheet onto a plastic molded product 
from among those mentioned above, there are also methods in which it is 
transferred to a molded product that has already been molded, but there 
is also the aforesaid transfer method simultaneous to molding in which 
it is transferred while manufacturing the molded product. 

A pretreatment suitable for the raw material of the surface of the 
object to be transferred may be carried out, as needed, on the transfer 
surface of these objects to be transferred, such as primer treatments, 
pre treatments for ensuring [misspelled in source as 4 reference no.'] 
adhesiveness, such as corona treatments, backing color adjustment methods 
by means of coating or the like, filler treatments, and treatments for 
prevent alkalis from effusing into alkaline base materials, such as /547 
cement . 

(Advantages of the Invention) 

According to this invention, since the protective layer on the transfer 
sheet is half -cured, the heat resistance is higher than in the uncured 
state, and the flow of the protective layer owing to the heat applied 
during the transfer, and any unnecessary deformation may be prevented. 
Therefore, because the transfer is done without affecting the thin metal 
film layer, the luster of the thin metal film layer is not reduced after 
the transfer. 
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Moreover, a perfectly cured protective layer can made by irradiating 
ionizing radiation on it after the transfer. 
(Practical Examples) 

A polyester film (Rasuart [as transliterated] available from Reiko 
Co., Ltd.; thickness: 25 um) was used as the releasable film, a solution 
in which a melamine acrylate-based UV curing resin (trade name: Yupimer 
LZ-075 available from Mitsubishi Kasei K.K. ) was diluted with methyl ethyl 
ketone was coated on one side thereof by gravure coating, dried with 100°C 
hot air to solidify the film (coated thickness: 6 pm) , and then a. 
urethane-based resin paint (available from Showa Ink Ind. Co., Ltd.) was 
coated as the solvent -volatizing-type ('type' is misspelled in source) 
resin film in a gravure coating method so that it was 1 um thick. 

The 2 -layer coated polyester film was passed below a high-pressure 
mercury lamp (160 W/cm, not ozone-free) so that it was irradiated with 
UV rays from the side that is not to be coated at a rate of 30 m/min. , 
and a coat of the. above-mentioned UV ray-cured resin was half-cured. 

Aluminum was formed in the shape of a thin film so that the thickness 
was 500A in a vacuum vapor deposition method, and an acrylic-based 
heat -sensitive adhesive (available from Showa Ink Ind. Co., Ltd.) was 
further coated on the aluminum thin film to a thickness of 2 |i, 

The resulting transfer sheet was transferred onto an AS board using 
a hot roller with a 200°C surface temperature, and the polyester film 
was peeled off after the transfer. 

The transfer face of the AS board was subsequently irradiated with 
UV rays for 5 seconds by using a high-pressure mercury lamp (not ozone-free, 
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80 w/cm) , and a protective layer was cured completely. 

The metal luster of the thin metal film layer of the resulting molded 
product was excellent,* and it was not scratched even when it was rubbed 
with #0000 steel wool. 

For comparison purposes, a transfer sheet manufactured in the same 
way as the transfer sheet used above and left uncured without performing 
half -curing of the protective layer was used, but themetal luster disappeared 
after the transfer. 
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